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NOTES  ON  THE  SUBCUTANEOUS  ABSORPTION  AND 
THE  QUANTITATIVE  ESTIMATION 
OF CHOLESTEROL.* 
BY  HARRY J.  CORPER,  M.D. 
(From  the  Otho  S.  A.  Sprague  Memorial  Instbtute  and  the  Pathological 
Laboratory  of  the  University of  Chicago,  Chicago.) 
Cholesterol, now known to be a  constituent of practically  every 
tissue of the body, was discovered in gall stones in 1775 by Conradi, 
and was given its name  (cholesterin)  by Chevraul in  1815 .1  The 
pathologist's  interest  in  this  substance  is  aroused by  the  fact  that 
when isolated chemically it proves to be practically inert, yet it is a 
constituent of tissues which are continually being broken down and 
replaced  by  new  tissues,  and  has  manifold  functions.  What  be- 
comes  of  the  cholesterol present  in  these tissues?  Part  of  it,  at 
least, that is the part which remains after pathological destruction, 
is  found  as  cholesterol crystals  in  the  necrotic tissues.  Thus,  in 
atheroma of the aorta  cholesterol crystals  are  commonly found in 
abundance,  and old hemorrhages or  necrotic areas  usually contain 
such crystals.  In respect to  the absorption  of deposits  of choles- 
terol, little is known. 
Meyer  2  has  described  a  case  of  adenomatous  cyst  of  the  ovary  which 
ruptured  intra  vitam,  causing  miliary  nodules  over  the  peritoneum,  which  re- 
vealed microscopically giant-cells and cholesterol.  Le  Count  3 found cholesterol 
giant-cells in a  case  of  carcinoma of  the  scalp  and a  tumor  from  the  scrotum. 
* Received  for publication, November 4,  1914. 
x Good  general accounts, historical  and biological, of  the  relations of  choles- 
terol  are  given  by  Moore,  F.  C.,  Cholesterin:  Some  Account  of  its  Chemical~ 
Physical  and  Biological  Relations, Med.  Chron.,  19o7--8, xlvii, 204;  and  Glikin, 
W., Ueber Cholesterine und verwandte Stoffe, Biochem.  Centralbl.,  I9O8, vii, 289, 
357.  McNee, .1. W.,  Cholesterin: An Account of Its Relations to  Pathology and 
Physiology, Quart. Jour. Med.,  1913-14, vii, 22I. 
2 Meyer,  C., Ueber einen Fall yon Fremdk6rperperitonitis mit Bildung riesen- 
zellenhaltiger  Kn6tchen dutch  Einkapselung yon  Cholesterintafeln,  mit  Bemer- 
kungen fiber die verschiedenen Riesenzellenarten, Beitr. z.  path.  Anat.  u.  z. allg. 
Path., 1893, xiii, 76. 
8 Le  Count, E. R.,  Cholesterin Giant-Cells, Jour. Med. Research, 19o2, vii, I66. 
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He  produced  the  same  histological  picture  by  injecting  cholesterol  crystals 
suspended in sterile salt solution into the backs  of guinea pigs. 
That  cholesterol  and  cholesterol  esters  of  palmitic and  oleic  acids  are  re- 
sorbed on feeding and are  found in the blood in increased amounts was  shown 
indirectly by  Pribram,  4 who  noted  that  serum  containing cholesterol  (but  not 
cholesterol  esters)  has  an  an¢ihemolytic  effect  toward  saponin solutions, while 
normal serum  does  not.  Jankau~  observed  that  cholesterol  subcutaneously in- 
jected disappeared microscopically from the site of injection even in a  few hours. 
In a rather unsatisfactory chemical  experiment, Aguilar  6 found that cholesterol 
was  absorbed  when  injected subcutaneously into a  dog.  He  injected o.25 gin. 
of  cholesterol  dissolved in 2  c.c. of  ether,  and  eight  days  later killed the  dog, 
shaved  the  skin at  the  site  of  injection, and  removed a  piece  of  skin with  the 
underlying connective tissue until no further traces of cholesterol could be made 
out.  The  tissue  was  analyzed  for  cholesterol  by  extracting  with  ether,  the 
ether  extract  treated  with  alcoholic  potash  to  saponify  the  fats,  and  after 
evaporation of  the alcohol  the cholesterol was  extracted  from the  residue with 
ether,  which  was  then filtered,  the  ether  evaporated,  and  from  the  residue the 
weight of cholesterol was determined.  This proved to be o.i27 gm.  The animal, 
therefore,  in a  period  of  eight  days  had  absorbed  about  half  the  amount  in- 
jected.  He  concludes  that  cholesterol  is  absorbed  in  part,  or  rather  diffuses 
very slowly about the site of injection. 
SUBCUTANEOUS  ABSORPTION. 
With  a  reliable method available for  the  quantitative determina: 
tion of  cholesterol  7  it  was  hoped  that the  absorption of  cholesterol 
from the tissues in crystal form could be more satisfactorily demon- 
strated  and  followed  chemically at definite intervals step by step  as 
it progressed.  With  this  in  mind  samples  of  cholesterol  were  in- 
serted  into the  subcutaneous tissues of  two  series  of  guinea pigs. 
Series _r.s--Chemically  pure cholesterol was placed  in a flat tin foil cap  (such 
as  is used  to  cover bottles)  and put into a  hot  air  oven at  I5o  °  C.  until just. 
completely melted,  allowed to cool thoroughly, and then, with aseptic  precautions, 
was cut up into small pieces of o.I  gin. each,  accurately weighed. 9  These pieces 
4 Pribram, H.,  Beitrag zur Kenntniss des  Schicksals des  Cholesterins und der 
Cholesterinester im tierischen Organismus, Biochem.  Ztschr,,  I906,  i,  413. 
5 Jankau,  L.,  t)ber  Cholesterin- und Kalkausseheidung mit  der  Galle,  Arch. 
f. exper.  Path.  u. Pharmakol.,  I892, xxix, 237. 
6 Aguilar, E.,  Iniezioni di  colesterina.  Contributo allo  studio  dell' alimenta- 
zione sotto-cutanea, Boll.  d.  Soc.  di nat.  in Napoli  (~9o8),  I9o9,  series 2, ii, 94. 
7 Corper,  H.  J.,  A  Modification  of  Ritter's  Method  for  the  Quantitative 
Estimation of  Cholesterol,  Jour.  Biol.  Chem.,  I912, xii,  I97. 
s Mr.  G.  T.  Caldwell  performed  some  of  the  cholesterol  analyses  in  this 
series. 
9 The  pieces  of  cholesterol were  about  I  to  2  ram.  thick by 4  ram.  wide by 
8 mm. long.  In some cases it was necessary to use two small pieces of cholesterol 
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were  then  inserted  with  aseptic  precautions  subcutaneously  into  the  backs  of 
guinea pigs, and were  removed at certain intervals after  insertion  for  chemical 
analysis and histological examination. 
Histological examination revealed nothing of special interest.  The "pieces of 
cholesterol are found well invested in a  connective tissue capsule which becomes 
more mature and firm as the time interval after insertion increases.  As we are 
interested only in the final figures  obtained  at  various periods of  removal, the 
results  of  the  chemical analyses will not  be given  in  detail.  It  is  to  be  noted 
that the cholesterol in  series  I  was  competely melted, so that  it  formed a  solid 
mass of substance, while in series 2 it was just melted sufficiently to hold together 
and  was,  therefore, porous. 
D.10  Sample removed  15  dys.  after  insertion yielded 0.o95 gm.  of cholesterol. 
A.  Sample removed  35  dys.  after  insertion yielded o.o96 gin.  of cholesterol. 
A.  Sample removed  66  dys.  after  insertion yielded o.o90 gin.  of cholesterol. 
B.  Sample removed  I2O  dys.  after insertion yielded o.o9o gin. of cholesterol. 
B.  Sample removed  12o  dys.  after insertion yielded o.o86 gin. of cholesterol 
A.  Sample removed  I5~ mos.  after  insertion yielded o.o91 gm..of cholesterol. 
A.  Sample removed  I5~ mos.  after  insertion yielded o.092 gm.  of cholesterol. 
C.  Sample removed  27  mos.  after  insertion yielded o.084 gm.  of cholesterol. 
C.  Sample removed  27  mos.  after  insertion yielded 0.o79 gin. of cholesterol. 
C.  Sample removed  27  mos.  after  insertion yielded 0.084 gm.  of cholesterol. 
It is noted  that  in this series the  removal  of the  cholesterol  from 
the  site of insertion was slight  (16  to 20 per cent.)  within  a  period 
of  twenty-seven  months,  and  even  this  may  be  questioned,  so  that 
we  can  consider  it  a  rather  slow  process  when  the  cholesterol  is 
present  in appreciable amount  and  in  compact  form. 
Series 2.--Here  ,the  samples  of  cholesterol  (o.I  gin.,  accurately  weighed) 
were much  more porous than  those  implanted in  series  I;  otherwise the condi- 
tions of the experiments were the same. 
H.  Sample removed  I6  dys.  after  insertion yielded o.o96 gm.  of  cholesterol. 
E.  Sample removed 2o  dys.  after insertion yielded o.o90 gm.  of cholesterol. 
F.  Sample removed 9~ mos.  after  insertion yielded o.o51 gm.  of  cholesterol. 
F.  Sample removed 9~ mos.  after  insertion yielded o.o5o gm.  of cholesterol. 
G.  -Sample removed  II  raps.  after  insertion yielded o.o49 gm.  of cholesterol. 
G.  Sample removed  II  mos.  after  insertion yielded 0.o76 gm.  of cholesterol. 
G.  Sample removed  II  mos.  after insertion yielded o.o33 gin. of cholesterol. 
E.  Sample removed  I3  mos.  after insertion yielded o.o68 gin.  of cholesterol. 
E.  Sample removed  13  mos.  after insertion yielded o.058 gm.  of cholesterol. 
As  a  result  of  the  above experiments  it is  seen that  solid choles- 
terol is slowly removed  from  the subcutaneous  tissues of the guinea 
lo The capital letters indicate the different guinea pigs ; A, B, C, and D  (series 
I), and E, F, G, and H  (series 2). 182  Notes on Subcutaneous  Absorption. 
pig, the rate of absorption being dependent largely upon its physical 
state of division.  It seems probable that the removal of the choles- 
terol  is .due rather  to absorption than to a  mere mechanical action. 
This  removal  is  probably  performed  by  the  fixed  tissue  cells,  of 
which the giant-cell found around pathological crystals of cholesterol 
is  an  expression. 
QUANTITATIVE  ESTIMATION. 
In the hope of simplifying the method previously described 11  for 
the quantitative estimation of cholesterol and thus also reducing the 
time  necessary  for  performing the  analyses,  the  following experi- 
ments were carried  out.  Instead  of  the  preliminary  extraction  of 
the fats of the tissues to be analyzed  for cholesterol before saponifi- 
cation,  it  was  thought possible that  direct  treatment  of  the  tissues 
with  a  large  excess  of  sodium  alcoholate  on  the  water  bath,  the 
excess  to  be  removed  by  means  of  carbon  dioxide,  would  prove 
sufficient, the rest of the method remaining the same. 
Experiment L12--Two samples  of 30  gm. each of rabbit  liver  (moist weight) 
were  taken;  one  was  directly  saponified  with  75  c.c.  of  5  per  cent.  sodium 
alcoholate,  and  the  other  was  thoroughly  extracted  with  alcohol  and  ether,  and 
this  extract  was  saponified  with  75  c.c.  of  5  per  cent.  sodium  alcoholate;  from 
this  point  both  were  carried  through  the  method  as  previously  described.  The 
method  of direct saponification of the tissue yielded o.12o gin.  of an  oily, yellow 
product, whereas the alcohol-ether  extract  yielded o.o83 gin. of pale yellow crystals. 
Experiment 2.--Duplicate of experiment  I, with 25 gin.  of rabbit  liver  (moist 
weight).  The  method  of  direct  saponification  of  the  tissue  yielded  0.079 gm. 
of  an  oily, yellow product,  while the  alcohol-ether  extract  yielded  0.o69  gin.  of 
pale yellow crystals. 
Experiment  3.--Duplicate  of  experiments  I  and  2,  with  3o  gin.  of  rabbit 
liver  (moist  weight),  yielded o.162  gin.  of  an  oily, yellow  product  by the  direct 
method  and  O.lO8 gin.  of pale yellow crystals  by the alcohol-ether method. 
Experiment 4.--Two  samples  of  15  gin.  each  (moist weight)  of  rabbit  brain 
were taken;  one was directly saponified by means  of 65 c.c.  of 5 per cent.  sodium 
alcoholate,  and  the  alcohol-ether  extract  of  the  other  by  means  of  3o  c.c.  of  5 
per  cent.  sodium  alcoholate.  The  former  yielded  0.438  gm.  of  an  oily,  brown 
product,  while the  latter yielded 0.682  gin. of pale brown  crystals. 
Experiment 5.--Duplicate  of  experiment  4,  with  two  samples  of  20 gm.  each 
(moist  weight)  of  rabbit  brain.  The  directly  saponified  tissue  (with  75  c.c.  of 
11 Corper,  H.  J.,  loe. eit. 
12 In  the  following  individual  experiments  the  samples  of  liver,  brain,  and 
spleen 'were not  the  same,  except  where  stated. Harry J. Corper.  183 
5 per cent.  sodium alcoholate)  yielded o.58I gin. of a  brownish, slightly crystal- 
line product,  and  the  alcohol-ether  extract  yielded  o.529 gin.  of  a  crystalline, 
brown product. 
Experiment 6.--Duplicate of  experiment 4,  with  two  samples  of  5  gm.  each 
(dry weight)  of cow brain.  The directly s~ponified  tissue,  with 75  c.c. of 5 per 
cent.  sodium alcoholate, yielded o.561 gm.  of  a  brown product, and the  alcohol- 
ether extract, with 50 c.c. of 5 per cent. sodium alcoholate,  yielded o.699 gin. of a 
crystalline, pale brown product. 
Experiment 7.--Duplicate of experiment 4, with 4 samples of I gin. each  (dry 
weight)  of  cow  brain.  The  two  samples  directly  saponified,  with  5o  c.c. of 
5 per cent.  sodium alcoholate, yielded o.IiO  and o.o47 gin. of product,  while the 
two  alcohol-ether  extracted  products,  with  50  c.c. of  5  per  cent.  sodium 
alcoholate,  yielded O.lO6 and O.lO8 gin. 
Experiment 8.1~--Two  samples of 30 gin. each  (moist weight)  of steer spleen 
were taken.  One directly saponified, with 75 c.c. of 5 per cent. sodium alcoholate, 
yielded o.128 gm.  of  a  crystalline, pale  yellow  product;  and  the  alcohol-ether 
extract,  saponified  by means of 75 c.e. of  5 per cent.  s  od~um alcoholate,  yielded 
o.15o gm. of pale yellow crystals. 
Experiment 9.--Duplicate of  experiment 8,  with two samples of  IO gm.  each 
(dry weight).  The tissue directly saponified  with IOO c.c. of 5 per cent.  sodium 
alcoholate yielded o.197 gin. of pale yellow crystals, while the alcohol-ether ex- 
tract,  saponified  with 35  c.c. of 5 per cent.  sodium alcoholate,  yielded o.264 gin. 
of pale yellow crystals. 
Experiment io.--Duplicate of  experiment  9,  with  two  samples  of  IO  gin. 
each  (dry  weight).  The tissue  directly saponified with  50  c.c. of  5  per  cent. 
sodium alcoholate yielded o.149 gin. of  pale yellow crystals,  while the  alcohol- 
ether  extract,  saponified  with  35  c.c. of  5  per  cent.  sodium  alcoholate,  yielded 
0.233 gin. of pale yellow crystals. 
Thinking that possibly better results might be obtained by using a 
strong watery  solution of  sodium  hydroxide  directly on the  tissue 
for saponifying, as is used by Pflfiger in his method for determining 
glycogen, and then proceeding with the rest of the method as  origi- 
nally described  (passing through the solution carbon dioxide, etc.), 
we  carried  out  two  analyses. 
Experiment Lr.--Two samples  of  IO gin.  each  (dry weight)  of  steer  sp.leen 
were taken, one directly treated with IO c.c. of water and 50 c.c. of 5o per cent. 
sodium  hydroxide,  heated  on  the  water  bath  for  3o  minutes,  cooled,  carbon 
dioxide passed to  saturation, etc., yielded o.137 gin. of pale yellow crystals, while 
the control, carried through the regular alcohol-ether extraction method, yielded 
o.25o gm.  of  pale yellow crystals. 
is The tissue residues of the spleen  in experiments 8, 9, and IO after alcohol- 
ether extraction were saponified  after addition of absolute alcohol,  by means of 
IOO e.c. of  5 per  cent.  sodium alcoholate,  and then carried  through  the  regular 
steps  of  the  process  for  the  estimation of  cholesterol,  but  no  products  were 
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Experiment  ~2.--Two  samples  of  5  gm. each  (dry  weight)  of  steer  brain, 
one saponified with  io e.c. of water and 50 c.c. of 50 per cent.  sodium hydroxide, 
yielded  0.568  gm.  of  pale  brown  crystals,  while  the  control  yielded  o.72o  gin. 
of pale brown crystals. 
As seen from the above experiments, it is  impossible to shorten 
the procedure for the quantitative estimation of cholesterol, as previ- 
ously described, by directly saponifying the original tissues,  rather 
than the alcohol-ether extract, by means of a large excess of 5 per 
cent. sodium alcoholate or by means of a strong solution of sodium 
hydroxide (5 °  per cent.). 
GENERAL  SUMMARY. 
Cholesterol, in o. I  gram amounts, melted in a compact mass and 
inserted into the subcutaneous tissues of the back of the guinea pig, 
is  slowly removed, as determined by chemical analyses.  The rate 
of removal is probably greatly dependent upon the physical state of 
the cholesterol. 
The quanUtative estimation of cholesterol by the method previ- 
ously described  14  can not be shortened and simplified by the direct 
saponification of the tissues by means of  5 per cent.  sodium alco- 
holate or a strong  (5 °  per cent.)  solution of sodium hydroxide, in- 
stead of saponifying the alcOhol-ether extract. 
14 Corper,  H..1.,  loc.  cir. 